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Abstract 
Strains of the fungi Neurospora have been identified as aroma producers, and one of the possible compounds 
generated is the 1-octen-3-ol, that has a mushroom odor. Based in that, four strains (LB12DSC, LB13DSC, 
LB23DSC and LB26DSC) of Neurospora sp., were evaluated to produce a mushroom aroma using different culture 
media (malt extract broth, yeast malt broth, frutose/yeast extract and Czapeck medium, with some modifications). 
The analytical method was adequate for the analysis. The results show that the malt extract broth was the most 
adequate medium for production of mushroom aroma and the compound was chemically characterized as 1-octen-3-
ol by GC/MS.  
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1. Introduction 
Flavors and fragrances are key impact substances in the food and fragrance industry, with a world 
market estimated in U$ 18.6 billions in 2008 [8, 9]. Most food flavoring compounds are produced, 
principally by via chemical synthesis or extraction from natural material [5]. Biotechnological production, 
is an attractive alternative for the production of flavors, since it occurs at mild conditions, presents high 
regio- and enantioselectivity, does not generate toxic wastes and the products obtained may be labeled as 
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"natural". Additionally, there are some compounds that may be produced exclusively via biotechnology. 
In this sense, biotechnology is an interesting approach for the production of bioflavors, since these 
compounds are defined as "natural" or "naturally produced" flavors [4,5,6].  
The 1-octen-3-ol is an unsatured alcohol known as “mushroom-like flavor” and “raw mushroom”, and 
has been produced in different species of microorganisms [3], e.g. the fungi Neurospora sp. [7, 10]. In this 
context, the aim of this work is evaluate the ability of four different strains of Neurospora species isolated 
from beiju for mushroom aroma production, using different culture media. 
2. Materials & Methods  
2.1. Standards and reagents 
Diethyl ether, dichloromethane, hexane and glucose were purchased from (Merk,Germany), ethyl 
acetate, sucrose, fructose, NaCl, NH4H2PO4, K2HPO4, MgSO4.7H2O, KCl, FeSO4.7H2O Synth (Brazil), 
standards aliphatic hydrocarbons (C5–C20) (PolyScience, Illinois, USA), malt extract broth , peptone, 
yeast extract from Oxoid (England), 2-heptanol, 1-octen-3-ol  from Aldrich Chemical Company (USA) 
were used. 
2.2. Production of mushroom aroma 
Four culture media were used for the production of aroma compound: malt extract broth (50 g.L-1);  
yeast malt broth (YM: 10 g.L-1 of glucose, 5 g.L-1 of peptone, 3 g.L-1 of yeast extract and 3 g.L-1 of malt 
extract); fructose (50 g.L-1) and yeast extract (5 g.L-1); and Czapeck medium standard, with some 
modifications (40.6 g.L-1 of NH4H2PO4, 10 g.L-1 of K2HPO4, 5 g.L-1 of MgSO4.7H2O, 5 g.L-1 of KCl, 0.01 
g.L-1 of FeSO4.7H2O and 30 g.L-1 of sucrose). 
2.3.  Preparation of pre-inoculum and fermentation 
Neurospora sp. strains were inoculated into slant tube of potato dextrose agar (PDA) at 30°C for 72h. 
After, 10 mL of sterile water were added into tube and transferred for 250 mL Erlenmeyer flasks 
containing 50 mL of YM medium at 30°C, 200 rpm for 24h. Then the culture broth was filtered through a 
membrane of acetate filter (pore size: 0.45 μm) and the mycelia were washed with sterile water. The 
inoculum occurred using 1 g of the biomass added in a flask containing 50 mL of each medium described 
above and homogenized under sterile conditions using an Ultra-Turrax ® T18 (Ika, Wilmington, NC, 
USA). The flasks were incubated on a rotary shaker at 30°C for until 144 h under agitation (200rpm). 
Each 24h samples were collected and analyzed in gas chromatography (GC-FID). 
2.4.  Analysis of 1-octen-3-ol from culture medium 
For the analysis of the volatile compound, 5 mL of cultured broth were collected into tube with 0.1g 
NaCl.  After agitation by vortex (10 sec) they were extracted with 1 mL of diethyl ether containing 
0.003% of 2-heptanol as an internal standard. The mixture was agitated by vortex for 30 seconds and one 
microliter of the organics extracts was analyzed by GC-FID. 
2.5.  GC-FID conditions 
The volatile compound was analyzed using an Agilent GC (Model 7890A) equipped with a flame 
ionization detector (FID) and a HP-5 columm (Agilent Tecnhologies i.d. = 0.320 mm, length = 30 m, film 
thickness = 0.25μm, USA). The injection was performed in the splitless mode for 1 min at 250°C. Oven 
1696  Daniele S. de Carvalho et al. / Procedia Food Science 1 (2011) 1694 – 1699
temperature was programmed at 50°C for 1 min, then ramped to 150°C at 10°C.min-1 and held for 1 min 
and finally raised to 200°C at 20°C.min-1 and held for 3 min at the final temperature. Nitrogen was used 
as the carrier gas with a flow-rate of 1 mL.min-1.  Injector and detector were 250°C. 
2.6.  GC-MS conditions 
GC/MS analyses were carried out in a GC-MS system (Shimadzu GC-17A/QP-5000 high performance 
quadrupole, Japan) under the following instrumental conditions: column: HP-5 MS (5% phenyl/95% 
dimethylpolysiloxane) fused silica capillary column (30m x 0.25mm i.d. x 0.25 ȝm) from J&W Scientific 
(EUA),  injector mode and temperature: splitless, 250°C; purge time: 1 min., purge flow: 20 ml.miní1; 
helium flow rate: 1.0 ml.miní1, oven: 50°C (1 min.); 10°C.miní1 up to 150°C; 20°C. miní1 up to 200°C 
for 3min;  transfer line temperature: 240°C, energy of impact: +70 eV, 35-350m/z). A mixture of aliphatic 
hydrocarbons was injected under the above temperature program to calculate the retention index (I) of 
each compounds. The identification of components was made by mass spectrum an retention index agreed 
whit standards and comparing spectra with Adams [2] and NIST 2005 mass spectral database libraries, 
with similarity higher than 90% and supported by retention index data.  
3. Results & Discussion 
3.1. Performance characteristics 
The table 1 shows the validation parameters were evaluated for 1-octen-3-ol in each culture medium. 
Table 1.  The concentration range, regression equations, R2, recovery, LOD and RSD for  1-octen-3-ol. 
Matriz 
Conc.
range
(mg.L-1)
Regression equation R2
Recovery
(%) 
RDS range 
%
LOD 
(mg.L-1)
LOQ 
(mg.L-1)
Malt 
extract 1-40 Y=0.0163x - 0.0022 0.998 38.53 
 
3.52-8.74 
 
0.40 1.55 
YM 1-40 Y=0.0131x-0.0059 0.998 83.85 1.84-10.92 0.59 2.17 
Fructose/ 
yeast 
extract 
1-40 Y=0.0208x+0.0007 0.998 99.78 0.89-15,74 0.52 1.49 
Czapeck 1-40 Y=0.0366x+0.0295 0.994 43.42 2.68-10.51 0.57 2.02 
 
In this study, some validation parameters were evaluated by determining linearity, recovery, 
reproducibility, limit of detection (LOD) and limit of quantification (LOQ) for 1-octen-3-ol. The 
performance was determined by using standards solutions. Six levels of concentration of analyte were 
prepared for plotting standard calibration curves. These were constructed to test the linearity range. The 
peak area ratio obtained was interpolated into the calibration curves. In this study, 0.003% of 2-heptanol 
(internal standard) was mixture with ether diethyl. The concentration ranges, regression equations, R2 
values, recoveries, RSDs (relative standard deviation) and LODs, LOQs for target aroma are shown in 
Table 1. The method showed linear behavior in the concentration ranges studied. The low average RDSs 
for this compound indicated that the analytical conditions were found to be acceptable for these matrixes. 
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The average recoveries of volatile compound ranged from 38% to 99%. Therefore, the results 
demonstrated that the method was applicable for the analysis of 1-octen-3-ol. The LOD was calculated 
from the calibration curves constructed for each volatile compound. LODs (3 x the RDS of the analytical 
blank values) was calculate from the calibration curve (Table 1). LOQs is almost 3.33 times LOD.  The 
results confirmed that the LOD and LOQ were low enough to determinate the target compound in culture 
medium with Neurospora sp. 
3.2. Production of the 1-octen-3-ol in different culture media and different periods of fermentation 
The table 2 shows the maximum yield of 1-octen-3-ol in each culture medium. 
 
Table 2. Maximum yield of 1-octen-3-ol in each culture medium. 
Culture broth Strain 1-octen-3-ol (ppm)* Time of fermentation (h) 
Malt extract LB12DSC 17.17a 48 
Fructose/ 
yeast extract 
LB13DSC 16.51a 96 
YM LB13DSC 12.53 b 48 
Czapeck LB13DSC # 0.85 c 24 
* Different letters represent statistically significant differences (p<0,05). 
 
As shown in table 2, the malt extract medium was the most adequate medium for production of 1-
octen-3-ol. Strain LB23DSC produced 17.17 mg.L-1 of 1-octen-3-ol in malt extract medium followed the 
LB13DSC in fructose/yeast extract medium. No significant difference (p>0,05) was found between the 
production of 1-octen-3-ol in malt extract and fructose/yeast extract medium  but the time for obtaining 
this compound in the  malt extract medium is lower which would result in cost reduction process.The 
strain LB26DSC no produced this compound in malt extract and yeast extract medium, however it 
produces in the others mediums but in lower concentrations. The figures 1 shows the production of 1-
octen 3-ol the different strains in malt extract medium during the period of fermentation.  
 
. 
 
 
 
 
 
 
 
 
 
                       
Fig. 1. Production of 1-octen-3-ol in malt extract medium. 
More studies have been carried out to find the best fermentation time of maximum production of this 
compound as well as different fermentation parameters with the aim of improving the 1-octen-3-ol 
production. 
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1-Octen-3-ol was produced for all strains into all culture medium tested and it causes a mushroom-like 
odour [7]. The figure 2 shows the chromatogram and the mass spectrum of the compound produced by 
strain LB23DSC in the malt extract medium 
3.3. Identification of 1-octen-3-ol 
The reliability of the identification proposal is indicated by mass spectrum and linear retention index 
agree with standards. For 1-Octen-3-ol I Cal=978 and I lit = 978 [1].  Moreover, the mass spectrum was 
also compared with the pattern of 1-octen 3-ol. 
 
 
 
 
 
 
 
 
 
 
 
 
         
Fig. 2 GC/MS Chromatogram and Spectra of the 1-octen-3-ol produced by strain LB12DSC 
 
4. Conclusion 
All Neurospora strains studied produced 1-octen-3-ol in the different culture media tested. However, 
the best production of this aroma compound occurred by the strain LB12DSC in malt extract medium in 
48 hours of fermentation.  
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